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VXEWUDFWLQJWKHPHDQYDOXHDQGGLYLGLQJE\WKHVWDQGDUGGHYLDWLRQRIHDFKWLPHFRXUVH7KH
GDWDDUHSUHVHQWHGDVWKHGLIIHUHQFHIURPEDVHOLQHDQGVKRZWKHPHDQWKHVWDQGDUGHUURU
LQWKHPHDQ

'HWHUPLQDWLRQRIJOXFRVHLQVXOLQDQG*,KRUPRQHV
$WWKHVWDUWRIHDFKVWXG\VHVVLRQYROXQWHHUVZHUHILWWHGZLWKDFDQQXODVRWKDWEORRGFRXOGEH
GUDZQSHULRGLFDOO\$WHDFKUHTXLUHGWLPHSRLQWPORIEORRGZDVGUDZQDQGVWRUHGRQLFHIRU
OHVVWKDQWZRKRXUVEHIRUHEHLQJFHQWULIXJHG%ORRGZDVFROOHFWHGLQWRWXEHV9DFXWDLQHU.
('7$%HFWRQ'LFNHQVRQ86$FRQWDLQLQJO.,8RIDSURWLQLQ6LJPD$OGULFK
8.DQGDIWHUFHQWULIXJDWLRQIRUPLQXWHVDW[JDQG&WKHSODVPDZDVUHPRYHGDQG
VWRUHG LQ SUHODEHOOHG WXEHV DW  & 7KH SODVPD DQDO\VLV ZDV SHUIRUPHG E\ WKH &RUH
%LRFKHPLFDO$VVD\/DERUDWRU\RI&DPEULGJH8QLYHUVLW\+RVSLWDOV7KHSODVPDZDVDQDO\]HG
IRULQVXOLQ*,3JOXFRVHGHSHQGHQWLQVXOLQRWURSLFSHSWLGHDQG*/3*OXFDJRQOLNHSHSWLGH
E\'LDVRULQ/LDLVRQ;/DXWRDQDO\]HU7KHLQVXOLQFRQFHQWUDWLRQVZHUHGHWHUPLQHGXVLQJD
RQHVWHS FKHPLOXPLQHVFHQFH LPPXQRDVVD\ DOVR IURP 'LDVRULQ 'LDVRULQ 6S$ 
6DOXJJLD 9& ,WDO\ 7KH */3 DQG *,3 FRQFHQWUDWLRQV ZHUH GHWHUPLQHG XVLQJ
HOHFWURFKHPLFDO OXPLQHVFHQFHLPPXQRDVVD\NLWVIURP0HVR6FDOH'LVFRYHU\*DLWKHUVEXUJ
0'86$7KHSODVPDVDPSOHVZHUHDOVRDQDO\]HG IRUJOXFRVHXVLQJD5DQGR['DWRQD
5DQGR[/DERUDWRULHV/WG&UXPOLQ8.DQGDFRORULPHWULF*/JOXFRVHNLW

'HWHUPLQDWLRQRIYLVFRVLW\DQGDYDLODEOHȕJOXFDQGXULQJLQYLWURGLJHVWLRQ
$VLPXODWHGGLJHVWLRQPRGHO ZDVXVHGWRGLJHVWSRUULGJHVDPSOHV J LQGXSOLFDWHV
3HSVLQ 3 IURP SRUFLQH JDVWULF PXFRVD (&  6LJPD$OGULFK 6W /RXLV 86
SDQFUHDWLQ3IURPSRUFLQHSDQFUHDV6LJPD$OGULFK6W/RXLV86DQGELOHVDOWV%
ELOHIURPERYLQHDQGRYLQH6LJPD$OGULFK6W/RXLV86ZHUHXVHGDWFRQFHQWUDWLRQVRI
8P/  8P/ EDVHG RQ WU\SVLQ DFWLYLW\ DQG P0 UHVSHFWLYHO\ LQ WKH ILQDO GLJHVWLRQ
PL[WXUHV 7KH GLJHVWLRQ ZDV SHUIRUPHG LQ P/ FHQWULIXJH WXEHV SODFHG KRUL]RQWDOO\ LQ D
VKDNLQJ LQFXEDWRU ,QQRYD  ,QFXEDWRU6KDNHU6HULHV 1HZ %UXQVZLFN6FLHQWLILF(GLVRQ
1HZ-HUVH\86DWUSPDQGÛ&,QFXEDWLRQLQWKHLQWHVWLQDOSKDVHZDVKDIWHUZKLFK
WKHVDPSOHVZHUHFHQWULIXJHGDWUSPIRUPLQ+HUDHXV0XOWLIXJH.5$QDOLTXRWRI
WKH VXSHUQDWDQW ZDV ERLOHG IRU  PLQ GLOXWHG ILOWHUHG WKURXJK D P V\ULQJH ILOWHU DQG
LQMHFWHG LQWR D +36(& V\VWHP ZLWK FDOFRIOXRU GHWHFWLRQ WR GHWHUPLQH ȕJOXFDQ 0Z DV
SUHYLRXVO\GHVFULEHG7KHȕJOXFDQFRQFHQWUDWLRQVZHUHFDOFXODWHGIURPWKHDUHDXQGHU
WKHFKURPDWRJUDSKLFSHDNXVLQJȕJOXFDQVWDQGDUGVRINQRZQFRQFHQWUDWLRQDVUHIHUHQFH7KH
YLVFRVLW\RIWKHVXSHUQDWDQWVZDVPHDVXUHGDWFRQVWDQWVKHDUVXVLQJD3K\VLFD0&5
UKHRPHWHU$QWRQ3DDU6WXWWJDUW*HUPDQ\ILWWHGZLWKDGRXEOHJDSJHRPHWU\'*

0HWKRGRORJ\
7KHFURVVRYHUVWXG\ZDVGHVLJQHGWRDVVHVVGLIIHUHQFHVLQJDVWULFHPSW\LQJVDWLHW\LQGLFDWRUV
DQG OHYHOV RI JOXFRVH LQVXOLQ DQG *, KRUPRQHV JOXFRVHGHSHQGHQW LQVXOLQRWURSLF SHSWLGH
*,3DQGJOXFRJRQ OLNHSHSWLGH*/37KHVWXG\ LQFOXGHGRQO\PDOHYROXQWHHUVDJHG
EHWZHHQDQGDQGZLWKD%0,EHWZHHQDQG7KHPHDQDJHRIWKHFRKRUWZDV
DQGWKHPHDQ%0,ZDV7KHFOLQLFDOGHWDLOVRIWKHSDUWLFLSDQWVDUHJLYHQLQ7DEOH
$OOYROXQWHHUVUHFUXLWHGWRWKHVWXG\ZHUHDSSDUHQWO\KHDOWK\DQGSURYLGHGZULWWHQLQIRUPHG
FRQVHQW EHIRUH WDNLQJ SDUW LQ WKH VWXG\ ZKLFK ZDV DSSURYHG E\ DQ 1+6 UHVHDUFK HWKLFV
FRPPLWWHH $SSURYDO 6: (DFK YROXQWHHU DWWHQGHG WKH VWXG\ FHQWHU RQ WZR
RFFDVLRQVDWOHDVWGD\VDSDUWFRQVXPLQJDGLIIHUHQWPHDORQHDFKRFFDVLRQ7KHRUGHULQ
ZKLFKWKHPHDOVZHUHFRQVXPHGZDVUDQGRPO\DOORFDWHG$OOYROXQWHHUVZHUHDEOHWRFRQVXPH
DOORIWKHWHVWPHDOVZLWKLQPLQXWHV
2QHDFKVWXG\GD\YROXQWHHUVZHUHDVNHGWRIDVWRYHUQLJKWZLWKWKH ODVWFRQVXPSWLRQRID
PHDOSULRUWRWKHSUHYLRXVGD\WRWKHVWXG\7KH\ZHUHDOORZHGWRGULQNDVPXFKZDWHU
DVWKH\QHHGHGEXWRQO\XQWLO$IWHUWKLVWLPHQRIXUWKHUFRQVXPSWLRQZDVDOORZHG7KH
H[SHULPHQWDOSURWRFROZDVVWDUWHGEHWZHHQDQGZKLFKFRUUHVSRQGVWRWKHILUVW
WLPHSRLQWLQ7DEOH$IWHULQLWLDOIRUPDOLWLHVHDFKYROXQWHHUKDGDFDQQXODLQVHUWHGLQWRDQDUP
UHDG\IRUEORRGGUDZLQJ7KH\WKHQXQGHUZHQWWKHILUVW05,VFDQDPOVDPSOHRIEORRGZDV
GUDZQDQGWKH\ZHUHDVNHGWRFRPSOHWHD9$6TXHVWLRQQDLUHEDVHOLQHPHDVXUHPHQWV7KH
YROXQWHHU FRQVXPHG WKH PHDO DOORFDWHG DW UDQGRP ,PPHGLDWHO\ DIWHU WKH PHDO KDV EHHQ
FRQVXPHGWKHVHFRQG05,VFDQZDVSHUIRUPHGZLWKVXEVHTXHQWVFDQVEHLQJXQGHUWDNHQDV
ODLG RXW LQ 7DEOH  7KH YROXQWHHUV ZHUH DVNHG WR UHSHDWHGO\ FRPSOHWH D 9$6 VDWLHW\
TXHVWLRQQDLUHDQGKDYHDPOVDPSOHRIEORRGGUDZQDQGWKHWLPLQJIRUWKHVHDUHDOVRJLYHQ
LQ7DEOH

6WDWLVWLFV
7KHVWXG\ZDVSRZHUHGEDVHGRQWKHSULPDU\RXWFRPHJO\FDHPLFUHVSRQVHZKLFKLQKHDOWK\
SDUWLFLSDQWVLVPRVWVLJQLILFDQWO\VKRZQZLWKLQVXOLQ8VLQJWKHGDWDIURPDSUHYLRXVVWXG\
DVDJXLGHLQRUGHUWRVHHDVLJQLILFDQWGLIIHUHQFH3RIDWOHDVWSPRO/SJP/
LQVXOLQEHWZHHQWUHDWPHQWVWKHFXUUHQWVWXG\UHTXLUHVYROXQWHHUVSRZHU 7KHGDWD
DUHPXOWLYDULDWHE\QDWXUHZKLFKFDOOV WKHQHHGWREHDQDO\VHGDVVXFK)RURYHUYLHZDQG
YDOLGDWLRQPXOWLYDULDWHGDWDDQDO\VLVXVLQJ3DUWLDO/HDVW6TXDUHV'LVFULPLQDQW$QDO\VLV3/6
'$ZHUHSHUIRUPHGZLWKSURGXFWW\SHIODNHVYVIORXUDVUHVSRQVHYDULDEOH7KHIHDWXUHV
ZHUH VWDQGDUGL]HG WR XQLW YDULDQFH 7KH 3/6'$ PRGHO ZDV SHUIRUPHG E\ 8QVFUDPEOH
YHUVLRQ&DPR6RIWZDUHDQGSORWWHGLQWKHVHWXSXVLQJWKHGDWDSURJUDPPLQJODQJXDJH
5KWWSZZZUSURMHFWRUJ9HUVLRQ9DOLGDWLRQRIWKHPRGHOLVJLYHQDVSHUFHQWDJHRI
FRUUHFWO\FODVVLILHGUHVSRQVH)ORXU)ODNHVLQDFURVVYDOLGDWLRQWHVWZKHUHRQHVDPSOHDWD
WLPHLVOHIWRXWIURPWKHFDOLEUDWLRQDQGXVHGIRUWKHYDOLGDWLRQ7KHUHVXOWVDUHSUHVHQWHGILUVW
IRURQHIHDWXUHDWWKHWLPHXVLQJHUURUEDUVDVJXLGHOLQHV

 5HVXOWV
7KHSULPDU\DLPRI WKHVWXG\ZDV WRGHWHUPLQHZKHWKHURDWSRUULGJHSURGXFHGIURPIODNHG
RDWVJDYHDGLIIHUHQWJO\FHPLFUHVSRQVHDQGUHPDLQHGLQWKHVWRPDFKIRUORQJHUWKDQSRUULGJH
PDGHIURPRDWIORXU3DUWLFLSDQWVZHUHIHGJRISRUULGJHDORQJZLWKP/RIZDWHUPDNLQJ
DWRWDORIaP/ZKLFKZDVFRQVXPHGLQOHVVWKDQWHQPLQXWHV$QDO\VLVRIWKH05,LPDJHV
\LHOGHGWKHYROXPHRIJDVWULFFK\PHIRUDOOSDUWLFLSDQWVDVDIXQFWLRQRIWLPH7KLVGDWDVKRZQ
LQ)LJXUH LQGLFDWHVDQ LQLWLDOJDVWULFYROXPHVOLJKWO\KLJKHU WKDQ WKHPHDOYROXPHDIWHU
PLQXWHV ZKLFK LV PRVW OLNHO\ GXH WR WKH IDVWLQJ VHFUHWLRQ SUHVHQW EHIRUH WKH PHDO ZDV
FRQVXPHG7KH GDWDGHPRQVWUDWHV YHU\ OLWWOHGLIIHUHQFH EHWZHHQ WKH WZRPHDOV+RZHYHU
WRZDUGVWKHHQGRIWKHJDVWULFF\FOHLWLVFOHDUWKDWPRUHRIWKHIODNHVUHPDLQHGLQWKHVWRPDFK

)LJXUH'LIIHUHQFHLQYROXPHRIJDVWULFFKLPHDERYHEDVHOLQHDIWHUFRQVXPSWLRQRISRUULGJH
PDGH IURP HLWKHU RDW IODNHV FRQWLQXRXV OLQH RU RDW IORXU GDVKHG OLQH 7KH HUURU EDUV
UHSUHVHQWWKHVWDQGDUGHUURULQWKHPHDQQ 
8VLQJDVLPSOH(ODVKRIIHTXDWLRQWRILWWKHJDVWULFFK\PHYROXPHGDWDJLYHVHPSW\LQJKDOI
WLPHWYDOXHVRIPLQXWHVDQGPLQXWHVIRUWKHIORXUDQGIODNHSRUULGJH
UHVSHFWLYHO\$VLPSOHVKDSHIDFWRURIZDVXVHGILWWKHGDWDDVVXPLQJQRODJSKDVH7KLV
WKHQJLYHVPHDQHPSW\LQJUDWHVRIDQGP/PLQXWHUHVSHFWLYHO\IRUWKH
IORXUDQGIODNHSRUULGJH7KXVJLYHQWKDW WKHILQDOFDORULFGHQVLW\RIZKDWZDVFRQVXPHGLQ
ERWKFDVHVLHWKHSRUULGJHDQGZDWHUZDVNFDOP/WKHFDORULFHPSW\LQJUDWHZDV
DQGNFDOPLQXWHIRUWKHIORXUDQGIODNHSRUULGJHUHVSHFWLYHO\
7KHGDWDIRUWKHRDWIODNHVVXJJHVWVDQLQLWLDOIDVWHUUDWHRIHPSW\LQJIROORZHGE\DVORZHUUDWH
7KLVLVDOVRFRQILUPHGE\LPDJHVRIWKHJDVWULFFRQWHQWVKRZQLQ)LJXUH$IWHUPLQXWHV
FOHDUOD\HULQJSKDVHVHSDUDWLRQZDVVHHQLQWKHIODNHSRUULGJHEXWWKHOD\HULQJZDVQRORQJHU
YLVLEOHWZHQW\PLQXWHVODWHULQGLFDWLQJWKDWWKHOLTXLGOD\HURQWKHWRSRIWKHVWRPDFKFRQWHQWV
KDGEHHQHPSWLHG7KHPHDQYROXPHRI WKLVFOHDU OD\HUZDVP/ZKLFKFORVHO\
FRUUHVSRQGVWRWKHP/HPSWLHGEHWZHHQDQGPLQXWHVDIWHUFRQVXPSWLRQRI
WKHPHDO 7KLV VWURQJO\ VXJJHVWV WKDW WKH LQLWLDO HPSW\LQJ RI WKH IODNHGSRUULGJH PHDO ZDV
DOPRVWHQWLUHO\WKHOLTXLGSDUWDQGQRWWKHRDWIODNHVWKHPVHOYHV
 
)LJXUH$[LDO),(67$05,LPDJHVRIWKHVWRPDFKRXWOLQHGWDNHQPLQVOHIWDQGPLQV
ULJKWSRVWFRQVXPSWLRQ7KHOHIWLPDJHVKRZVDOD\HUDERYHWKHRDWIODNHSRUULGJHWKDWLVQRW
DSSDUHQWDIWHUPLQV
,Q DGGLWLRQ WR PHDVXULQJ WKH YROXPH RI JDVWULF FRQWHQWV WKH SDUWLFLSDQWV ZHUH DVNHG WR
FRPSOHWHD9$6TXHVWLRQQDLUHDVVRFLDWHGZLWKDSSHWLWH,QSDUWLFXODUWKHVHQVDWLRQRIIXOOQHVV
LVQRUPDOO\FORVHO\DVVRFLDWHGZLWKJDVWULFYROXPHDQGDOVRLQYHUVHO\DVVRFLDWHGZLWKKXQJHU
7KHGDWDIRUKXQJHUIXOOQHVVVDWLVIDFWLRQGHVLUHWRHDWDQGWKLUVWDUHVKRZQLQ)LJXUHDH
,QWKLVFDVHWKHIXOOQHVVKXQJHUDQGVDWLVIDFWLRQUDWLQJVZHUHVLPLODUIRUERWKPHDOVDWDOOWLPH
SRLQWVZKHUHDVWKHIODNHVVKRZHGKLJKHUVFRUHVIRUGHVLUHWRHDWIURPPLQXWHVDIWHULQWDNH
7KHUDWLQJVIRUWKLUVWVKRZHGPDUNHGGLIIHUHQFHVDIWHUPLQXWHVZLWKWKHIODNHJLYLQJPRUH
SURQRXQFHGIHHOLQJVRIWKLUVW,QWHUHVWLQJO\DOORIWKHGDWDH[FHSWWKLUVWVKRZHGDFURVVRYHUDW
FLUFDPLQXWHV

)LJXUH1RUPDOLVHGYLVXDODQDORJXHVFDOHTXHVWLRQQDLUHUHVXOWVVKRZQDVWKHPHDQYDOXH
IRUKXQJHU$IXOOQHVV%VDWLVIDFWLRQ&GHVLUHWRHDW'DQGWKLUVW(DIWHUFRQVXPSWLRQ
RIHLWKHURDWIODNHVFRQWLQXRXVOLQHRURDWIORXUGDVKHGOLQHSRUULGJH7KHHUURUEDUVVKRZQ
UHSUHVHQWWKHVWDQGDUGHUURULQWKHPHDQQ 
%RWKJDVWULFHPSW\LQJDQGDSSHWLWHUHODWHGVHQVDWLRQVDUH OLQNHGWRQXWULHQWDEVRUSWLRQDQG
JDVWURLQWHVWLQDOKRUPRQHVHFUHWLRQ7KHUHVXOWVRIWKHDQDO\VLVRIWKHEORRGVDPSOHVWDNHQDUH
VKRZQ LQ )LJXUHV  DQG  7KH GDWD VKRZ WKDW WKHUH ZDV D VPDOO GLIIHUHQFH LQ SHULSKHUDO
JOXFRVHZLWKWKHIODNHVJLYLQJDVPDOOHUSHDNDWDERXWPLQXWHVSRVWPHDOFRQVXPSWLRQ7KH
LQFUHPHQWDO DUHD XQGHU WKH FXUYH L$8& IRU WKH JOXFRVH DV FDOFXODWHG E\ WKH PHWKRG RI
%URXQV HW DO  LV    P0PLQXWHV/ IRU WKH IORXU SRUULGJH DQG   
P0PLQXWHV/IRUWKHIODNHV7KHGLIIHUHQFHLQLQVXOLQUHVSRQVHZDVODUJHUZLWKWKHSHDNDW
PLQXWHVPDUNHGO\KLJKHUIRUWKHIORXUWKDQWKHIODNHV$OWKRXJKWKHVPDOODSSDUHQWGURSRIWKH
SODVPDJOXFRVHEHORZWKHIDVWHGLQLWLDOYDOXHLQODWWHUVWDJHRIWKHVWXG\GD\ZDVZLWKLQWKH
UDQGRPHUURURIWKHH[SHULPHQWVXFKDGURSKDVDOVREHHQVHHQLQVLPLODUVWXGLHV

)LJXUH7KHDYHUDJHFRQFHQWUDWLRQVRIJOXFRVH $DQG LQVXOLQ % IRXQG LQSODVPDDIWHU
FRQVXPSWLRQRISRUULGJHPDGHIURPHLWKHURDW IODNHV FRQWLQXRXV OLQHRURDW IORXU GDVKHG
OLQH7KHHUURUEDUVUHSUHVHQWWKHVWDQGDUGHUURULQWKHPHDQQ 
7KHGDWDIRUWKH*,3DQG*/3UHVSRQVHVDUHVKRZQLQ)LJXUH$VERWKRIWKHVHKRUPRQHV
DUH LQFUHWLQV WKH\ ERWK IROORZ VLPLODU SDWWHUQV 7KH SDWWHUQV IRU WKH FKDQJH LQ SODVPD
FRQFHQWUDWLRQVRI*,3DQGLQVXOLQDUHYHU\VLPLODUDIWHUFRQVXPSWLRQRIERWKPHDOVZLWKDSHDN
DWDURXQGPLQXWHV,QWKHFDVHRI*,3WKHGLIIHUHQFHEHWZHHQWKHPHDOVLVYHU\PDUNHGLQ
SDUWLFXODU DW  PLQXWHV  7KH JUHDWHU UHVSRQVH ZDV JHQHUDWHG E\ WKH IORXU DW DOO SRVW
FRQVXPSWLRQ WLPH SRLQWV XS WR  PLQXWHV ZLWK WKH IODNHV JLYLQJ WKH JUHDWHU UHVSRQVH
WKHUHDIWHU 7KH */3 FRQFHQWUDWLRQ VKRZHG D GLIIHUHQFH EHWZHHQ WKH WZR PHDOV DW 
PLQXWHVZLWKWKHIORXUJLYLQJWKHODUJHUUHVSRQVHDWWKDWWLPH,QWHUHVWLQJO\WKHFURVVRYHULQ
DOO WKHSODVPDGDWDZDVDWDERXWPLQXWHVZKLFK LVVOLJKWO\DIWHUDFURVVRYHU LQWKH
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JDVWULFYROXPHFXUYHVDQGPD\LQGLFDWHWKHWLPHDWZKLFKPRVWRIWKHIORXUSRUULGJHKDGEHHQ
GLJHVWHGEXWZKHQWKHUHZDVVWLOOJOXFRVHIURPWKHIODNHSRUULGJHEHLQJDEVRUEHG
 
)LJXUH  7KH DYHUDJH FRQFHQWUDWLRQV RI *,3 $ DQG */3 % IRXQG LQ SODVPD DIWHU
FRQVXPSWLRQRISRUULGJHPDGHIURPHLWKHURDW IODNHV FRQWLQXRXV OLQHRURDW IORXU GDVKHG
OLQH7KHHUURUEDUVUHSUHVHQWWKHVWDQGDUGHUURULQWKHPHDQQ 
,QRUGHUWRLQYHVWLJDWHWKHUROHRIȕJOXFDQLQWKHODWHSHULRGRIGLJHVWLRQZKHQWKHFURVVRYHU
ZDVREVHUYHGLQEORRGSDUDPHWHUVDQG9$6PHDVXUHVVLPXODWHGLQWHVWLQDOYLVFRVLW\DQGȕ
JOXFDQUHOHDVHZHUHREWDLQHGDIWHULQYLWURGLJHVWLRQ7KHWZRSRUULGJHVDPSOHVGLGQRWGLIIHU
LQȕJOXFDQ0ZZLWKYDOXHVRIDQGIRUWKHIORXUDQGIODNHVUHVSHFWLYHO\
+RZHYHUPRUHȕJOXFDQZDVVROXELOL]HGLQWKHIORXUSRUULGJHFRPSDUHGWRWKH
IODNHSRUULGJHDQGWKHYLVFRVLW\RIWKHH[WUDFWZDVDOVRVOLJKWO\KLJKHUIRUWKH
IORXUSRUULGJHP3DVFRPSDUHGWRWKHIODNHSRUULGJHP3DV
$QRYHUYLHZDQGYDOLGDWLRQRIWKHHIIHFWVSURGXFHGE\WKHGLJHVWLRQRIWKHWZRSRUULGJHPHDOV
LVSURYLGHGE\3/6'$GLVFULPLQDQWDQDO\VLVSHUIRUPHGDWDQHDUO\WLPHSRLQWLHPLQDIWHU
FRQVXPSWLRQ RI WKH SRUULGJH )LJXUH  D DQG E DQG D ODWHU WLPH SRLQW LH  PLQ DIWHU
FRQVXPSWLRQ)LJXUHFDQGG
,QWKHVFRUHSORWVRIWKHVDPSOHVGLVSOD\HGLQ)LJXUHDPLQDQG)LJXUHFPLQWKH
IORXULVORFDWHGWRZDUGVWKHXSSHUULJKWFRUQHUDQGWKHIODNHVDUHORFDWHGWRZDUGVWKHORZHUOHIW
FRUQHU7KHORDGLQJSORWDWPLQ)LJXUHEUHIOHFWVWKHKLJKHUOHYHOVRIJOXFRVHLQVXOLQDQG
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*,3DVZHOODVKLJKHUUDWLQJVRIKXQJHUREVHUYHGIRUWKHIORXUSRUULGJHDWWKLVWLPHSRLQW$OO
WKHVH IHDWXUHV DUH ORFDWHG WRZDUGV WKH ULJKW KDQG VLGH LQ WKH ORDGLQJ SORW DQG VR LV WKH
UHVSRQVH YDULDEOH ³IORXU´ $W WKH ODWHU WLPH SRLQW  PLQ )LJ  F DQG G WKLV SDWWHUQ LV
FKDQJHGZLWKWKHIODNHSRUULGJHDVVRFLDWHGZLWKWKHKLJKHVWUDWLQJVRIKXQJHUDQGGHVLUHWR
HDWDQGWKHIORXUSRUULGJHZLWKKLJKHUIXOOQHVVDQGVDWLVIDFWLRQ7KHSODVPDOHYHOVRIJOXFRVH
LQVXOLQDQG*,3DVZHOODVWKHJDVWULFYROXPHZHUHKLJKHVWIRUWKHIODNHSRUULGJHDWWKLVWLPH
SRLQW

)LJXUH0XOWLYDULDWHGDWDDQDO\VLV3/6'$RIWKHREVHUYHGGDWDRQJOXFRVHLQVXOLQ*,3
JDVWULFYROXPHDQGVDWLHW\VHQVDWLRQVZLWKSRUULGJHW\SHIODNHVDQGIORXUDVWZRUHVSRQVH
FODVVHV)LJDDQGEVKRZWKHUHVXOWVPLQDIWHULQWDNHRISRUULGJHDQG)LJFDQGGVKRZ
WKHUHVXOWVPLQDIWHULQWDNH)LJDDQGFDUHVFRUHSORWVRIWKHVDPSOHVDQG)LJEDQG
GVKRZWKHFRUUHVSRQGLQJORDGLQJVRIWKHLQSXWYDULDEOHVDQGWKHUHVSRQVHVQ 
'LVFXVVLRQ
2QFH FRQVXPHG IRRG SDVVHV LQWR WKH VWRPDFK ZKHUH LW VWD\V XQWLO LW LV HPSWLHG LQWR WKH
GXRGHQXP ,Q WKH WLPHWKDW LW UHVLGHV LQ WKHVWRPDFKDQXPEHURIFKDQJHVFDQWDNHSODFH
LQFOXGLQJGLJHVWLRQE\JDVWULFDQGRUDOHQ]\PHVGHSHQGLQJRQORFDOS+DQGSKDVHVHSDUDWLRQ
,QWKLVFDVHWKHRDWIODNHSRUULGJHVKRZHGVLJQLILFDQWVLJQVRIVHGLPHQWDWLRQRIWKHIODNHV
LPPHGLDWHO\SRVWFRQVXPSWLRQILJXUHD7KHDEVHQFHRIWKHOLTXLGSKDVHDERYHWKHIODNHV
LQWKH LPDJHWDNHQPLQXWHV ODWHUVKRZVWKDWWKHIODNHVUHPDLQHGVXIILFLHQWO\ LQWDFW WREH
SUHYHQWHG IURPSDVVLQJ WKURXJK WKHS\ORUXV LQWR WKHGXRGHQXP7KLVFRQILUPVWKDWDJRRG
SURSRUWLRQ RI WKH RULJLQDO IODNH SRUULGJH PHDO UHPDLQHG LQ WKH VWRPDFK ORQJHU WKDQ IORXU
SRUULGJHPHDO+RZHYHUGRHVWKLVPHDQWKDWWKHVWDUFKLQWKDWSRUULGJHUHPDLQHGDVVRFLDWHG
ZLWK WKH IODNHV DQG WKXV ZDV QRW HPSWLHG LQWR WKH GXRGHQXP" 7KH ORZHU SHDN LQ SODVPD
JOXFRVHLQVXOLQDQG*,3FHUWDLQO\VXJJHVWWKDWWKLVZDVWKHFDVH
7KHPRVWVLJQLILFDQWGLIIHUHQFHLQWKHSODVPDFRPSRQHQWVWKDWZHUHPHDVXUHGZDVVHHQLQ
JOXFRVHGHSHQGDQWLQVXOLQRWURSLFSHSWLGH*,37KHVHFUHWLRQRI*,3E\.FHOOVLVGULYHQE\
WKHUDWHRIQXWULHQWDEVRUSWLRQLQWKHSUR[LPDOVPDOOLQWHVWLQHHVSHFLDOO\JOXFRVHRUIDW7KH
SULPDU\UROHRI*,3LVLQWKHSDQFUHDVZKHUHLWELQGVWRLWVVSHFLILFUHFHSWRU*,35RQȕFHOOV
DQG HQKDQFHV JOXFRVH GHSHQGHQW LQVXOLQ VHFUHWLRQ 7KXV LW LV QR VXUSULVH WKDW WKH *,3
UHVSRQVHLVPLUURUHGE\WKHLQVXOLQUHVSRQVHWRERWKPHDOVEXWWRDOHVVHUH[WHQW,QDUHFHQW
VWXG\ 7UDKDLU HW DO VRXJKW WR GHWHUPLQH WKH HIIHFW RI WZR GLIIHUHQW UDWHV RI LQWUDGXRGHQDO
JOXFRVHLQIXVLRQVRUNFDOPLQRQJO\FHPLFLQVXOLQHPLFDQGLQFUHWLQKRUPRQHUHVSRQVHV
LQ OHDQ DQG REHVHVXEMHFWV DQGFRPSDUH WKHHIIHFWV RI RUDO DQG LQWUDGXRGHQDOJOXFRVH LQ
REHVH VXEMHFWV  7KLV ZDV GRQH WR PLPLF GLIIHUHQW UDWHV RI JDVWULF HPSW\LQJ
8QVXUSULVLQJO\WKHIDVWHUGHOLYHU\RIJOXFRVHLQWKHLUVWXG\JDYHKLJKHUUHVSRQVHVLQJOXFRVH
LQVXOLQDQG*,3,QWKHKHDOWK\FRQWUROJURXSWKHSDWWHUQZDVYHU\VLPLODUWRWKDWVHHQLQWKLV
VWXG\ZLWKWKH*,3UHVSRQVHWKHODUJHVWIROORZHGE\WKHLQVXOLQDQGWKHQWKHSODVPDJOXFRVH
7KLVZDVQRWWKHFDVHLQWKHREHVHJURXSZKHUHWKH*,3UHVSRQVHZDVOHVVVLJQLILFDQWWKDQ
HLWKHU WKH LQVXOLQ RU JOXFRVH UHVSRQVHV 7KH DXWKRUV FRQFOXGHG WKDW WKH UDWH RI GXRGHQDO
GHOLYHU\RIJOXFRVHLVDPDMRUGHWHUPLQDQWRIJO\FDHPLDLQREHVHVXEMHFWVDQGWKDW³VWUDWHJLHV
WKDWVORZJDVWULFHPSW\LQJPD\SUHYHQWSURJUHVVLRQ WR W\SHGLDEHWHV LQREHVLW\ZDUUDQWV
H[SORUDWLRQ´,QWKHZRUNSUHVHQWHGKHUHZHKDYHVWDUWHGWKDWH[SORUDWLRQ
7KHSDUWLFOHVL]HIORXUYVIODNHVLQRDWSRUULGJHVLJQLILFDQWO\LQIOXHQFHGWKHJO\FHPLFUHVSRQVH
7KHSHDNVLQEORRGJOXFRVHLQVXOLQDQG*,3REVHUYHGPLQDIWHULQWDNHZHUHVLJQLILFDQWO\
KLJKHUIRUWKHIORXUSRUULGJHFRPSDUHGWRWKHIODNHSRUULGJH7KH05,DQDO\VHVLQGLFDWHWKDW
WKLVZDVQRWGXHWRDPRUHUDSLGJDVWULFHPSW\LQJDIWHULQWDNHRIIORXUSRUULGJH+RZHYHUWKH
FRPSRVLWLRQRIZKDWZDVHPSWLHGIURPWKHVWRPDFKFRXOGKDYHEHHQYHU\GLIIHUHQWEHFDXVH
RIWKHJDVWULFVLHYLQJHIIHFW7KHKLJKHUJO\FHPLFUHVSRQVHLVWKHUHIRUHPRUHOLNHO\UHIOHFWLQJ
LQFUHDVHGVWDUFKK\GURO\VLVLQWKHLQWHVWLQHGXHWRPRUHHDVLO\DYDLODEOHVWDUFKLQWKHIORXUWKDQ
WKHIODNHV

,QDQDWWHPSWWRXQLI\DOORIWKHGDWDLQFOXGLQJWKHVXEMHFWLYHDSSHWLWHVFRUHVDPXOWLYDULDWH
DQDO\VLVZDVXQGHUWDNHQ5HVXOWVIURPWKH3/6'$DOVRUHIOHFW WKHGLIIHUHQFHV LQJO\FHPLF
UHVSRQVH2YHUWKHWLPHFRXUVHWKHSODVPDOHYHOVRIJOXFRVH LQVXOLQDQG*,3GHFOLQHGIRU
ERWKSRUULGJHVUHVXOWLQJLQDVKLIWDIWHUDSSUR[LPDWHO\KRXUVZKHQWKHIORXUSRUULGJHVKRZHG
VOLJKWO\ORZHUOHYHOVRIJOXFRVHLQVXOLQDQG*,3WKDQWKHIODNHSRUULGJH6LPLODUO\WKHVDWLHW\
GDWDFKDQJHGZLWKWLPH$WPLQDIWHULQJHVWLRQWKHIODNHSRUULGJHZDVDVVRFLDWHGZLWKORZHU
KXQJHUZKHUHDVDWPLQWKHIODNHSRUULGJHJRWWKHKLJKHVWUDWLQJVRIKXQJHUDQGGHVLUHWR
HDW$OWKRXJKWKHVDWLHW\GDWDFRUUHODWHGZHOOZLWKWKHOHYHOVRISODVPDJOXFRVHLQVXOLQDQG
*,3DWERWKWLPHSRLQWVORZOHYHOVZHUHDVVRFLDWHGZLWKKLJKHUIXOOQHVVDQGVDWLVIDFWLRQWKHUH
PD\QRWEHDQ\FDXVHDQGHIIHFWUHODWLRQVKLS,WLVXQOLNHO\WKDWWKHJO\FHPLFRULQVXOLQUHVSRQVH
FDQH[SODLQWKHVKLIWLQVDWLHW\WDNLQJSODFHIURPWRPLQDIWHULQJHVWLRQ1HLWKHUZHUH
WKHUHDQ\VWURQJFRUUHODWLRQVEHWZHHQVDWLHW\UDWLQJVDQGJDVWULFYROXPH+HQFHWKHUHPXVW
EHRWKHUH[SODQDWLRQVIRUWKHGLIIHUHQFHVLQVDWLHW\

$WWKHHDUO\WLPHSRLQWPLQWKHIODNHSRUULGJHZDVFRQVLGHUHGDVPRUHVDWLDWLQJWKDQWKH
IORXUSRUULGJH05,DQDO\VLVLQGLFDWHGWKDWWKHOLTXLGOD\HURQWKHWRSRIWKHVWRPDFKFRQWHQWLV
UDSLGO\HPSWLHGGXULQJWKLVSHULRG7KHIODNHSRUULGJHDOVRJDYHDPRUHSURQRXQFHGIHHOLQJRI
WKLUVWZKLFKPD\LQGLFDWHWKDWWKHIODNHSRUULGJHZDVPRUHYLVFRXVLQWKHVWRPDFKWKDQWKH
IORXUSRUULGJH9LVFRVLW\KDVEHHQVKRZQWRKDYHDQHIIHFWRQVDWLHW\DQGIXOOQHVVLQ
PDQ\VWXGLHVEXWPD\QRWDIIHFWIXOOQHVVWKURXJKGHOD\HGJDVWULFHPSW\LQJ+HQFH
WKHLQFUHDVHGSHUFHLYHGIXOOQHVVREVHUYHGDIWHULQJHVWLRQRIIODNHSRUULGJHLQWKHSUHVHQWVWXG\
PD\EHGXHWRLQFUHDVHGYLVFRVLW\LQWKHVWRPDFKQRWJHQHUDWHGE\WKHVWDUFKDQGȕJOXFDQ
EXW UDWKHU WKHSHUVLVWHQWVWUXFWXUHRI WKH IODNHV$W ODWHU WLPHSRLQWV WKH IORXUSRUULGJHZDV
DVVRFLDWHGZLWKKLJKHUIXOOQHVVDQGVDWLVIDFWLRQ7KLVPD\EHGXHWRWKHKLJKHUUHOHDVHRIȕ
JOXFDQIURPWKHIORXUSRUULGJHFRPSDUHGWRWKHIODNHSRUULGJHDVPHDVXUHG
DIWHU LQYLWURGLJHVWLRQ+HQFHWKHVPDOOHUSDUWLFOHVL]HLQIORXUFRPSDUHGZLWKIODNHVPDNHV
WKHȕJOXFDQPRUHDYDLODEOHDQGUHVXOWHGLQDKLJKHUYLVFRVLW\LQWKHLQWHVWLQDOSKDVHIRUWKH
SRUULGJHPDGHIURPIORXUFRPSDUHGZLWKWKHSRUULGJHPDGHZLWKIODNHV,QFUHDVHGYLVFRVLW\
PD\KDYHDQHIIHFWRQQXWULHQWGLJHVWLRQDQGXSWDNHDQGKHQFHWKHVWLPXODWLRQRIUHOHDVHRI
VDWLHW\KRUPRQHV+RZHYHULWVKRXOGEHQRWHGWKDWWKHYLVFRVLW\GLIIHUHQFHEHWZHHQWKHWZR
SRUULGJH VDPSOHV S    ZDV YHU\ VPDOO P3DV ,W LV WKHUHIRUH XQOLNHO\ WKDW WKH
YLVFRVLW\GLIIHUHQFHDORQHFDQH[SODLQWKHGLIIHUHQWRXWFRPHVIRUWKHWZRSRUULGJHVDWODWHUWLPH
SRLQWV RI GLJHVWLRQ DQG RWKHU PHFKDQLVPV PD\ EH LQYROYHG ,W LV SRVVLEOH WKDW WKH KLJKHU
DPRXQWRIVROXELOL]HGȕJOXFDQLQWKHIORXUSRUULGJHVWLOOSOD\VDUROHIRUH[DPSOHE\GHFUHDVLQJ
WKH SHUPHDELOLW\ RI WKH LQWHVWLQDO PXFXV OD\HU  3UHYLRXV VWXGLHV KDYH VKRZQ WKDW
LQFUHDVLQJDPRXQWVRIȕJOXFDQORZHUSRVWSUDQGLDOEORRGJOXFRVHDQGLQVXOLQOHYHOV,Q
WKHSUHVHQWVWXG\DSRWHQWLDOLQKLELWLQJHIIHFWRIȕJOXFDQRQWKHXSWDNHRIJOXFRVHVHHPHG
PLQRUFRPSDUHGWRWKHHIIHFWRIPRUHDYDLODEOHVWDUFKLQWKHGXRGHQXP

,QVXPPDU\WKHUHVXOWVVXJJHVWWKDWWKHUHDUHWZRPDLQSKHQRPHQRQWDNLQJSODFH)LUVWO\
GHFUHDVHGJDVWULFHPSW\LQJRIIODNHVLQFRPSDULVRQWRWKHLQFUHDVHGDYDLODELOLW\RIVWDUFKLQ
WKHIORXUSRUULGJHUHVXOWHGLQDPRUHSURQRXQFHGJO\FHPLFUHVSRQVHIURPWKHIORXU6HFRQGO\
LQFUHDVHGDYDLODELOLW\RIȕJOXFDQFDXVHGLQFUHDVHGSHUFHLYHGVDWLHW\LQWKHIORXUDIWHUKRXUV
1HLWKHUVDWLHW\QRUJO\FHPLFUHVSRQVHDSSHDUHGWREHUHODWHGWRJDVWULFHPSW\LQJUDWH


$FNQRZOHGJHPHQWV
7KHDXWKRUVZRXOGOLNHWRWKDQN6WHIDQ6DKOVWU¡PDW1RILPDDQGWKH6ZHGLVKFRPSDQLHV
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